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Conclusions of the talk
• Climate change threatens the attainment of the 

Millennium Development Goals 

• Adaptation & mitigation are BOTH necessary: adaptation 
is not a copout, it’s a necessity

• There may be physical, ecological and societal ‘tipping 
points’ in store

• Adaptation research & options to cope are nascent

• A rich interdisciplinary research, planning and 
management agenda must be tackled now—and the 
Federal and academic communities are not poised or 
funded sufficiently to do so



Global average temperature is rising 
at an accelerating rate
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Computer models match observed ∆T on all continents 

Black lines are decadally averaged observations.  Blue bands are computer models with 
natural forcings only.  Pink bands are computer models with human + natural forcings.

IPCC AR4 WG1 SPM, 2007



Projected Impacts of Climate Change

Presenter
Presentation Notes
Relation between temperature and impacts:  The risks intensify as temperature rises. A BAU scenario implies a rise of 4-5 degrees-equivalent to the change in average temperatures from the last ice age to today.
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The Millennium Development Goals
1. Eradicate Extreme Poverty and Hunger--

Halve, between 1990 and 2015, the proportion of people living on less than 
$1/day and the proportion of people suffering from hunger.

2. Achieve Universal Primary Education
3. Promote Gender Equality & Empower Women
4. Reduce Child Mortality--Reduce by 2/3, between 1990 and 

2015, the under-5 mortality rate.

5. Improve Maternal Health--Reduce by 3/4,  between 1990 and 
2015, the maternal mortality rate

6. Combat HIV/AIDS, malaria and other diseases--
By 2015 have halted and begun to reverse the spread of HIV aids and 
the incidence of malaria and other major diseases.

7. Ensure Environmental Sustainability
8. Develop a global partnership for Development
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http://www.unfoundation.org/files/
pdf/2007/SEG_Report.pdf

http://www.unfoundation.org/files/
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A world vulnerable to Climate Change may not 
achieve the MDGs

• Most impacts are will be negative, especially for the poorest, most 
vulnerable nations.  Tens of billions of dollars of ODA are at risk.

• All sectors in all regions of the globe will be challenged 

• Institutions are ill-prepared to manage climate change impacts.  

• Both Mitigation and Adaptation are needed.

• Responding to Climate Change can & must advance the MDGs

– Clean & affordable energy supplies are essential for achievement of MDGs

– Sustainable land-use policies are vital for agricultural and forestry







Exacerbation of Existing Problems 
Agriculture in the Midwest

Benefits:
– warmer temperatures, longer 

growing season, CO2

fertilization

• Constraints:
- declining soil 
moisture,  higher ozone, more 
pests, storms & floods during 
planting and
harvesting, extreme 
heat invasives?

Presenter
Presentation Notes
The climate change impacts on agriculture produce a mixed picture, at least in the early stages of global warming.
Certainly, higher carbon dioxide and nitrogen, the longer growing season and moderately warmer temperatures are beneficial to agriculture. Constraining that, however, are a number of other factors, and scientists have yet to determine what we’ll see at the bottom line. 
Higher ozone levels, less soil moisture in the summer, heavy storms and more flooding in the spring, when farmers want to get out in the fields to plant crops, as well as more extreme heat during summer will all pose additional challenges to agriculture. Moreover, agricultural pests and pathogens will more likely survive warmer winters and proliferate more rapidly as temperatures increase. Thus production costs and environmental impacts of pesticides are likely to increase as farmers will try to control these growing problems.
Finally, as suggested before, we will not be able to simply move our crops further north. There are real limits to cost-effective, mechanized agriculture imposed, for example, by the thin and acidic soils in northern Minnesota. We cannot expect to grow corn on the outcrops of the Canadian shield.



Presenter
Presentation Notes
From: Climate_"*A Drought in Australia, a Global Shortage of Rice" (K. BRADSHER, NY Times 4-17-08) http://www.nytimes.com/2008/04/17/business/worldbusiness/17warm.html?ref=science






Nature, 2008
Water: More crop per drop" (E. Marris, 3-21-08) 

Presenter
Presentation Notes
From: Water_"Water: More crop per drop" (E. Marris, 3-21-08) http://www.nature.com/news/2008/080319/full/452273a.html



Where we’re headed:  increased water tensions
“Fierce competition for fresh water may well become a source of 

conflict & wars in the future.”    Kofi Annan)

D. Grey and C.Sadoff, The World Bank, 2006 



California water use 
to increase by 40% 
over the next 25 
years.

Presenter
Presentation Notes
Trend is very significant, and appears to represent a long term shift in the demographics of America



Mountain snowpack is declining

Source: P. Mote, U. of Washington



Source:  U.S. Climate Change Science Program Draft Unified Synthesis Product Report: Global Climate Change in the United States.  National Oceanic and 
Atmospheric Administration (NOAA), Department of Commerce.  14 July, 2008.
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Winter is a part of our 
“Sense of Place”. 

We are losing Winter as 
we once knew it.

… John Magnuson





From: Feeling Warmth, Subtropical Plants Move North

Source: New York Times, May 3, 2007



Source: Leemans and Eickhout, Global Environmental 
Change, 2004

Shifts in ecosystems for a 3 degree C increase. 

green=forests; brown = grasslands;  yellow=deserts

Where we’re headed:  ecosystem shifts



Say goodbye to…





By Henry Payne, The Detroit News, for USA TODAY





CO2, Climate Change and Health 

In our Backyards

Ragweed

Poison Ivy

Lyme

WNV

Mushroom spores

Heatwaves & smog 

Particulates & pollen

Mold

Tree pollen

Stalks

Pollen

2X CO2

P. Epstein, 2007

http://www.pbase.com/richarda/wildflowers


Source:  U.S. Climate Change Science Program Draft Unified Synthesis Product Report: Global Climate Change in the United States.  National Oceanic and 
Atmospheric Administration (NOAA), Department of Commerce.  14 July, 2008.





Climate Change Impacts Will 
Not Occur in a Vacuum

Population is growing
Increasing urbanization                                
and sprawl
Fragmentation of the 
landscape

• Industrial pollution of air 
and water

• Social challenges
• Geographic variability 

and limits

Presenter
Presentation Notes
Of course, climate change will not occur in a vacuum. The current regional population of 60 million is expected to continue to grow, leading to more urbanization and sprawl into natural areas. In turn, these changes will likely lead to greater fragmentation of the landscape, disconnecting previously continuous ecosystems. Add to that industrial pollution of our air and waters, but also social inequities and problems, which will impact how ecosystems and people can cope with the changing climate.
What is also important to keep in mind are some geographic variation and limits. We can not expect that the impacts of climate change will manifest uniformly across any particular state or the Great Lakes region as a whole. This is due to the varied legacy that the glaciers left behind when they retreated some 10,000 years ago.
Moreover, we can not expect that species and ecosystems will simply be able to move north. First of all, the species that make up one ecosystem will react differently to the same amount of temperature increase or precipitation change. This means that future ecosystems will be composed of different species – and scientists do not yet fully understand and cannot predict with great confidence how these species will interact, and whether they will thrive or diminish as a result.
Second, there are a number of geographic barriers, both natural – such as the Great Lakes and the Canadian Shield -- and human – such as built or highly developed environments, that will hinder the northward migration of species. We will come back to this later on.



Exacerbation of Existing Problems
Property & Infrastructure

More frequent extreme storms and floods 
- greater property damage
- heavier burden on emergency        
management

- increase clean-up and 
rebuilding costs

- financial toll on businesses and 
homeowners

Damage of water-related infrastructure

Lake level drops will require more dredging and 
other shipping- and boating-related 
infrastructure adjustments

Presenter
Presentation Notes
More frequent extreme rainstorms and floods will exacerbate problems in our communities that we are already familiar with: we are likely to see greater property damage, a heavier burden on emergency management, increased clean-up and rebuilding costs, and a growing financial toll on our businesses and on homeowners. 
A higher frequency of storms will also impact our infrastructure. In particular, we should start thinking about whether or not our sewer systems and water intake pipes etc. are able to deal with higher or more floods. Typically, they are engineered based on past frequency of storms. As this frequency changes, the past will no longer be a sufficient guide to the future. A buffer should be built in to account for higher storm and flood frequency whenever we upgrade our water-related infrastructure.
Finally, as lake levels drop overall, we also expect an impact on the shipping industry and on recreational boating activities. Lakeshore infrastructure – such as docks -- will have to be adjusted, harbors and channels will have to be dredged more frequently, or else ships must reduce their cargo load to be more buoyant. 



Midwest flooding, 2007



Wildlife can only react

But humans can anticipate

We can plan ahead….  or we can react



Climate Change: What do we know?
• Past is not prologue…

– Infrastructure and natural resource management and planning based on the last 100 years of 
climate will be wrong

– Design features of infrastructure and tolerances of species will be exceeded

• Committed to further climate changes
– Adaptation is occurring, even if unplanned

• Degree of warming matters
– Mitigation makes a difference

• Its not just the averages that matter…
– Regional and local variances; seasonal changes; Extreme events

• Need a Portfolio Approach:
– Adaptation and Mitigation—but there are interlinkages across the two!

• Adaptive Management is needed
– In all sectors and regions

• Investment is not commensurate with the urgency of the problem…
– Need integrative regional assessments involving stakeholders
– Need prioritization of  policy‐relevant research needs across fields, not laundry lists



There have been lots of 
Assessments….of sorts…



NRC Report on CCSP* (9/12/07)

Understanding and predicting physical
climate change is progressing well
Declining observing capability
Inadequate human dimensions funding:
– $30 million; lack of collaboration
Inadequate progress
– in assessing impacts on human well being 

and vulnerabilities
– in providing knowledge to support decision 

making and risk analyses
– in communicating results and engaging 

stakeholders in a two-way dialogue

*Evaluating Progress of the US CCSP Program: Methods & Preliminary Results



http://www.usgcrp.gov/usgcrp/budgets/funding1989-2008byagency.htm

http://www.usgcrp.gov/usgcrp/budgets/funding1989-2008byagency.htm


Released, May 30, 2008

And, up for review July 14, 2008 :
U.S. Climate Change Science Program Draft 
Unified Synthesis Product Report: Global 
Climate Change in the United States. (NOAA).

http://www.climatescience.gov/Library/
sap/usp/public-review-draft/

http://www.climatescience.gov/Library/s
http://www.climatescience.gov/Library/s




Adaptation options include: 
planning/management, technology, institutions, mo
nitoring, &  R&D

• Infrastructure to withstand new “extremes”
• Linking of reservoirs to enhance supply
• Seed banks, mass propagation techniques
• Emergency response plans
• Early warning alert systems / surveillance
• Incentives / Disincentives / insurance
• Prioritize lands to preserve
• Design of migration corridors
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Climate Change:  Adaptation Needs

• Explore the intersection of mitigation and adaptation

• Apply the appropriate Scale—Regional/watershed  

• Prepare for Extreme Events and their Consequences

•Evaluate the impacts of Multiple Stresses on systems

Four essential categories of analysis needed 
to develop adaptation options

R
osina M

. B
ierbaum
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Climate Change:  Adaptation Needs

• Evaluate the impacts of Multiple Stresses on systems

• Apply the appropriate Scale—Regional/watershed 

• Prepare for Extreme Events and their Consequences

• Explore the intersection of mitigation and adaptation
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ierbaum



Figure 5.4 Aerial view of the U.S. Forest Service Rocky Mountain Research Station’s Fraser Experimental 
Forest near Winter Park, Colorado, May 2007 and a mountain pine beetle (inset). The green strips are 
areas of forest that had been harvested decades earlier, and so have younger faster growing trees. The 
red and brown areas show dead and dying trees caused by bark beetle infestation. A more recent photo 
would show less contrast because, due to drought and beetle epidemic, mortality rates of young trees 
have also risen. Photo courtesy USFS, Rocky Mountain Research Station.



1 hour ozone (ppb)
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Climate Change:  Adaptation Needs

• Evaluate the impacts of Multiple Stresses on systems

• Apply the appropriate Scale—Regional/watershed 

• Prepare for Extreme Events and their Consequences

• Explore the intersection of mitigation and adaptation

R
osina M
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ierbaum



• Temperature
– Winter  5-12 °F (3-7 °C)
– Summer   5-20 °F (3-11 °C)
– Extreme heat more common

• Precipitation
– Winter, spring increasing
– Summer, fall decreasing – drier soils, more droughts  

• More extreme events – storms, floods

• Ice cover decline will continue

• Lake levels likely to continue to decline

Summary of Projected Trends

Presenter
Presentation Notes
In this report we used the two mid-range emissions scenarios shown earlier, and ran them on the latest version of two state-of-the-art general circulation models [or global climate models] – the HadCM3 and the National Center for Atmospheric Research’s PCM. We combined them with 100 years of historical climate data gathered from 300 stations in the Great Lakes region to ensure that the global model output is calibrated by the regional historical record. In the future, we expect regional climate modeling and other statistical downscaling methods to improve regional projections, but until such methods are more sophisticated, this is the best approach available at present. The climate projections for ~2100 are as follows:
Temperatures will increase overall, with winter warming by  5-12°F (3-7 ° C), and summers by 5-20°F (3-11°C). This will produce more heat waves and the growing season  will expand by several weeks. 
Average precipitation may not change much, but the main story lies in the seasonal shifts: during winter and spring precipitation could increase, while during summer and fall, rainfall could decrease. Together with the higher temperatures, this would mean drier soils, and possibly more droughts.
More extreme events – such as storms and floods. These events could be 50-100% more frequent by 2100 than now; the change in frequency varies some across the region.
Ice cover decline will continue. 
Taking all these changes together, future summers and winters will feel radically different than they do today. [use arrow down keys to show migrating climates] E.g., within three decades, a summer in IL may feel like a summer in Oklahoma and by the end of the century more like one in east Texas today. For MI, summers in 2030 could be like those in Kentucky, while by the end of the century, they may feel like ones in Arkansas today.



• Public health and quality of life, especially 
in cities, will be negatively affected by 
increasing heat waves, reduced air 
quality, and insect- and water-borne disease.

• Under higher emissions scenarios, significant 
reductions in Great Lakes water levels will 
impact shipping, infrastructure, beaches and 
ecosystems.

• Increasing precipitation in winter and 
spring, more heavy downpours, and greater 
evaporation in summer will mean more 
periods of both floods and water deficits.

• While a longer growing season provides the 
potential for increased crop yields, increases 
in heat 
waves, floods, droughts, insects, and 
weeds will present increasing challenges to 
crops, livestock, and forests.

• Native species will face increasing 
threats from rapidly changing climate 
conditions, pests, diseases, and invasive 
species moving in from warmer regions.Source:  U.S. Climate Change Science Program Draft Unified Synthesis Product Report: Global Climate Change in the United States.  National Oceanic and 

Atmospheric Administration (NOAA), Department of Commerce.  14 July, 2008.

Impacts on the Midwest



Current: 2001]

[

[ 2100  1 OC  increase in temp ]

[ 2100 3 OC increase in temp]

*Business As Usual Scenario
•Regional average sprawl rate
•Declining agriculture
•Forest regeneration

Modeling land cover change impacts on
Brook Trout habitat:

P. Steen, in press, 2008.
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Climate Change:  Adaptation Needs

• Evaluate the impacts of Multiple Stresses on systems

• Apply the appropriate Scale—Regional/watershed 

• Prepare for Extreme Events and their Consequences

• Explore the intersection of mitigation and adaptation

R
osina M

. B
ierbaum



NOAA 2007
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Projected changes in extremes

Presenter
Presentation Notes
Figure 10.19. Changes in extremes based on multi-model simulations from nine global coupled climate models, adapted from Tebaldi et al. (2006). (a) Globally averaged changes in the frost day index (defined as the total number of days in a year with absolute minimum temperature below 0°C) for a low (SRES B1), middle (SRES A1B) and high (SRES A2) scenario. (b) Changes in spatial patterns of simulated frost days between two 20-year means (2080–2099 minus 1980–1999) for the A1B scenario. (c) Globally averaged changes in heat waves (defined as the longest period in the year of at least five consecutive days with maximum temperature at least 5°C higher than the climatology of the same calendar day). (d) Changes in spatial patterns of simulated heat waves between two 20-year means (2080–2099 minus 1980–1999) for the A1B scenario. (e) Globally averaged changes in growing season length (defined as the length of the period between the first spell of five consecutive days with mean temperature above 5°C and the last such spell of the year). (f) Changes in spatial patterns of simulated growing season length between two 20-year means (2080–2099 minus 1980–1999) for the A1B scenario. Solid lines in (a), (c) and (e) show the 10-year smoothed multi-model ensemble means; the envelope indicates the ensemble mean standard deviation. Stippling in (b), (d) and (f) denotes areas where at least five of the nine models concur in determining that the change is statistically significant. Extreme indices are calculated only over land. Frost days and growing season are only calculated in the extratropics. Extremes indices are calculated following Frich et al. (2002). Each model’s time series was centred around its 1980 to 1999 average and normalised (rescaled) by its standard deviation computed (after de-trending) over the period 1960 to 2099. The models were then aggregated into an ensemble average, both at the global and at the grid-box level. Thus, changes are given in units of standard deviations.
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Example:
Drilling Platforms vis-à-vis Hurricanes Katrina and Rita

P. Hibbard, “US Energy  Infrastructure Vulnerability – Lessons From the Gulf Coast Hurricanes,” Analysis Group, March 2006

3/4th of the 4,000 offshore oil and gas platforms 
(under MMS) were directly in the combined paths of 
the two hurricanes.  
Leading up to each hurricane, virtually all Gulf coast 
production and import facilities and many of the 
region’s refining/processing facilities were 
evacuated or operations were otherwise suspended.



UNEP, 2008

Global costs of extreme weather events from 1950–2006 (adjusted for inflation)

Presenter
Presentation Notes
From: Climate_"UNEP Year Book 2008" (P. Harrison, 3-08) http://www.unep.org/geo/yearbook/yb2008/report/UNEP_YearBook2008_Full_EN.pdf
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Climate Change:  Adaptation Needs

• Evaluate the impacts of Multiple Stresses on systems

• Apply the appropriate Scale—Regional/watershed 

• Prepare for Extreme Events and their Consequences

• Explore the intersection of mitigation and adaptation



Electric Power Research Institute, 2007

There are intersections between mitigation and adaptation…

and water is a linchpin….



Water Requirements for Energy 
Supply



Nature, 2008

Ethanol and Biodiesel Production

“Energy: Not your father's biofuels" (J. Tollefson, 2-21-08)

Presenter
Presentation Notes
“Energy: Not your father's biofuels" (J. Tollefson, 2-21-08) http://www.nature.com/news/2008/080220/full/451880a.html



Switchgrass Production –

the “potential” for cellulosic biomass

GROWING ENERGY: How Biofuels Can Help End America’s Oil Dependence, Principal Author
Nathanael Greene, NRDC, 2004, 
http://www.nrdc.org/air/energy/biofuels/biofuels.pdf#search=%22greene%20lynd%20energy%20future%2233
http://www.nytimes.com/imagepages/2007/07/04/us/20070705_DROUGHT_GRAPHIC.html

Production in 
2025, assuming $40/dry 

ton

2007 
Drought

http://www.nytimes.com/imagepages/2007/07/04/us/20070705_DROUGHT_GRAPHIC.html
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Efficiency
= 4 wedges



Renewables 
= 4 wedges



Life cycle energy analysis of renewable energy 

Wind                

BIPV

Hydropower   
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U.S. Grid        
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5.7 million ha 
willow plantations

130,000 ha 
BIPV

LAND AREA REQUIREMENTS
Electricity consumption in MI = 103 million MWh

980,000 ha 
wind farm area

(class 4 wind)

Presenter
Presentation Notes
While these metrics are impressive. Each renewable system has its limitations.

Compare the land area requirements for meeting the total electricity needs of michigan about 100 million MWh.

In the case of willow biomass, 5.7 million ha would need to be planted compared to the installation of 130,000 ha of BIPV.  This boxes are drawn at the same scale as this GIS map. Ag land is indicated in yellow which would be insufficient for the willow.
The red area is urban land which represents potential sites for the BIPV.  
I’d like to explore the potential for these systems with a more in depth GIS analysis.



Wind in MI

onshore 16,560 MW est. cap.
≈3.0 MW installed

offshore 44,288 MW est. cap.
0 MW installed

Presenter
Presentation Notes
Nameplate capacity in MI = 33,370 MW
2004, EIA






Changing Landscape

• Sense of the Senate Resolution
(to be followed by real legislation?)

• Pressure coming from
– Cities
– States
– Mainstream corporate 

America
– Investment
– International
– Drumbeat of science
– New voices: Evangelicals
– The Nobel prize
– The election

Presenter
Presentation Notes
Hagel: technology incentives; R&D tax credits; work with developing countries on GHG intensity; 



Mayors’ “Kyoto” Agreement: 
850 cities as of 7/17/08



Science Needs:

• Vulnerability assessments at REGIONAL scales

• Breakpoints / thresholds analyses—tipping points?

• Preparedness & response to extreme events

• Clearing house of ‘best practices’—what works?

• Build on networks (RISAs, Sea Grant, Ag 
Extension, LTERS/NEON, etc.)

• There are devils in the details….study interactions!

• A research strategy with priorities to get the answers 
that we need in a timely fashion



And, look at interactions across:

• Mitigation and Adaptation
– e.g., biofuel expansion may greatly increase fertilizer 

use, deadzones.  May increase deforestation.

• Sectors
– e.g., Water & Energy. Heavy water uses for coal nuclear, solar 

thermal & biofuels may compete with 
agriculture, wetlands, human use

• Multiple social and environmental stresses
– e.g., warmer temps enhance smog formation and make 

attainment of air quality standards difficult
– Habitat fragmentation inhibits species migration



The Challenge:  Sustainable Management of an Ever-Changing Planet



Some key references:
Confronting Climate Change:  Avoiding the 

Unmanageable and Managing the Unavoidable, 
United Nations Foundation, February 2007
http://www.unfoundation.org/SEG/

“Climate Change 2007”, Intergovernmental Panel 
on Climate Change, http://www.ipcc.ch/

Climate Change Impacts on the United States: 
The Potential Consequences of Climate 
Variability and Change,2000 
http://www.usgcrp.gov/usgcrp/Library/nationala
ssessment/overview.htm

http://www.unfoundation.org/SEG/
http://www.ipcc.ch/
http://www.usgcrp.gov/usgcrp/Library/nationalassessment/overview.htm
http://www.usgcrp.gov/usgcrp/Library/nationalassessment/overview.htm
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